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(54) PRODUCTION OF HYDROXYLAMMONIUM SALT 



of 2 III dcr ALSSSfnJS' 2 V M a , Ne , the i lands Limited Li * b *<y Company, 
for which we pr^SSTiSSS b™?^ declare the invention', 

^!um 

salt in the hn a P l •ofa£T5?J5E& 5fi£ tST ° f ^^momum 

,ons a So^S^ nicme 

solution comprised Se rataCc SJcrioJofE^ 011 ° f £ ^osylanTmonium salt 
by means of molecular^ t$E5£ imTw^ £iH « A * of a noble metal 

make-up solutions which coS nitrate KuL SL^f 1011 ' f^ 1 * fr0m 
phone acid or ammonium hydrogen sulphate ThL «i£o* • relat,velv weak acids phos- 
the feed stream by adding frrc nkr^ ^ be Educed into 

vapours therein. g 1C acid tbaeto > or b y absorbing nitrogen oxide 

P lace R 2 U ^ and nitrous oxide takes 

palladium catalyst at 25 ™k has bfen^ouSd ^£2 3? I co ?^ous process using a 
may be represented by the foUowinJ • TveS t££ reactions taking place 

the formation of nitrogen" 6 equations, which do not take into account 

In equation (la) a solution of phosphoric acid is used. 
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156 HsPO. + SO NO s 



+244H £ ~>68NH s OH' +8 NH,* + 2 N.O/. + 136 H,PO 4 -+170 H.O 

(la) 



25 



o 



* N„.HSO,,a0 NO.- + 2« Hl -> MNIi ,OH. +l2N „,« Nj0 , +1S6 KH lS 0, +17 4 H.O 

(lb) 
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the hydroxylamine synthesis 
add or ammonium hvdroeer w^rTiSS 81 ' w 5 ak aci d> namely 

phosphoric 

make-up solution con teinin| free ^niu-ic add isaSlf/r^ aCld is D£cause * a 

the supply of hydrogen would resukln the cata W K • ^ reaCtK, 5 me dium, failure of 
if a palladium catalyst is ustf This risfctfS S& fc d ? actx J* tBd ' or bein S ^solved 
concentration of free nitric acid in Ac reaction med£ dai ? ag ,f d increases as ^ 
difficulties it has been proposed to carry om rfL hvrfrT beco . mes f To avoid such 

solution in which the Quantity of SSi'ffiT in 3 buffered 

buffer action. ,s reduce d to a negligible value by the 

h, " for The 

» .process stream leadta^ to the SSj £, b t™™ n 5 i """S a buffer salt 
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•a , f nrm Th P alkali m<nal or ammonium nitrates and phosphoric acid, or alkali 

gSBSSHKHESSeSSa - 

* the following reaction e-li^h which 

NH i ma? be replaced by alkali metals, and where Z stands for the H.PO ■ , or the 
NHlsoTradical .Equations 2 and 3 are part equations For the sake oi ^Jj^jJ 15 
the following equations the formation of . byproducts such as NH 4 and N,U Ms oecn 
£«3u5 as q the fact that in solution NH,SO, will be in equilibrium with NH, 

alld I.%dro X ylamine synthesis with formation of the hydroxylammonium salt: 

2 HZ+NH,NO :: +3 H,^NH,OH . Z+NH.Z+2 H,0 (?) 20 

II. Oxime formation by reaction with cyclohexanone of the resulting solution 
containing hydroxylammonium salt: 



NU 3 OH.Z - NH^Z - 2^0 - QT° > (J" N«*Z - HZ - 3^0 

C9) 

III Supply of make-up HNO,., after removal of the oxime formed, with forma- 
25 uon of a fresh starting solution suitable for the hydroxylamme synthesis: 

UNO, +NH ,Z + HZ— 2 HZ + NH,NOa Ctt 

Thus in tlieory after the addition of make-up HNO : - a solution is obtained which 
has the same molar 

NH 4 NO- 



HZ 



25 



30 



35 



40 



30 ratio as the solution used as the reaction medium for the hydroxylamme synthesis 
according to equation (2). In practice said solution contains, besides the acid H a 
certain quantity of the buffer salt NH,Z, because some ammonia is formed with the 
hvdroxvlamine 'see equations la and lb;. t ... . 

* "in practice the pH of the hydroxylaniine synthesis zone is maintained at a value 
15 of from 0 to 3, and preferably at a value of approximately 1.8 to 2.0; the pH in the 
oxime synthesis zone then varying from the pH in the hydroxyjamme synthesis zone 
to zero/preferably not lower than 0.3. According to equation (4), the solution to which 
make-up nitric acid is added will have to contain at least one mole of the salt NH/ 
per mole of nitric acid, in order that free nitric acid be virtually absent in the make-up 
40 liquid In such a solution virtually free of nitric acid all dissolved H~ 10ns are con- 
sidered to originate from the relatively weak acid HZ, so that said H> ion concentration 
can never exceed the Z' ion concentration. 

According to equation (2) the use of such a make-up solution results in a nydroxyl- 
amine-containing solution which contains one mole of NH.,Z per mole of hydroxyl- 
ammonium salt. . . 

An increase of the hydroxylaniine content of the solution automatically causes an 
increase of the NH..Z content, which given the moderate solubility of NH,Z compared 
to NH,XO.., sets a limit to the hydroxylammonium salt content. 

It is however important in practice to work with as highly concentrated solutions 
as possible, since this will allow a reduction of the cost of capital investment and 
operating costs, e.g: as the pumping cost for circulating the liquid. It would be possible 
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to work with more highly concentrated solutions by carrying out the synthesis at * 
higher temperature, for instance «PC instead of 20*C, so Aafsohrtions 2 hi uld 
which crystal lize out at the lower temperature but are still iLSCfed afoO^ An 
5 Sow Z agai 1 St ,r UC - a P r ? ced . urc *« that such solutions might cool to Smpemura 
5 below the crystallization point in case of a breakdown in the process «,Z«ri™ * 

Ann t h ,gh i gC i c, °SB^.and it would be difficult to rcstanX process 5 



15 




25 



30 



35 



ratio in said solutions is <l s where Z is the H PO nr mtt cn j- t 
^ 20 SUCh Th d e iC?kj ^ ^ I -"-nlradon'of Se weS^f" 1 " 3 ""^ ° f 

free nitric acid in entering tic aid reactor contains substantially no 25 

ft ^T^4^ be considered 

trie hydrosylaninc aono iftSd for T^tof ofeS?™"^™ ? alt for »' d '» 
tainine stream entering the bydri^oS^^TaonSt fSn^ *" MK - i ° n a,,, - 

ammonium salt fno" into ™vh°ch™ C vd ?£LZ °^ which contains little or no hydroxyl- 
the proportion of hydroxySS oE JHSJAgSFSZ "*! iS introduced > 

such that the final stream introduced into ^J^. \ Sa - ld rccycle stream beif ig 
40 contains at least one mole 3f^^l^5^5?^S^ff» 

^WdS^rag & Z 

tion 5 is a part equation NH s o0 4 radiLal or for a mixture of the two. Equa- 

I. Hydroxylamine synthesis with formation of the hydroxylammonium salt: 
45 NH-OH . NO.+2 HZ+3 H 2 -^> NH,OH . Z+2 H = 0 (5) 45 

1 mole of NH-OH . Z is recirculated (see equation 7). 

salt !L^J£SSX£Lg!^ W " h ^ C,ohcxan °- * the hydroxylammonium 

NHjOH.2 -v H,0 ♦ Cf k f^ NOH H7 _ 

V CJ * HZ * ft) 
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remoSl o?Te ,y oxuie^ ™£^^±SS°^r™ aft « 50 
hydroxylamine synthesis: maKe-up liquid suitable for the continuous 

HNO s -l-HZ+NH s OH - Z-^NH 3 OH . N0 3 +2 HZ (7) 
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These equations show that the concentration of nitrate ions may be higher in the 
make-up liquid obtained according to equation (7) than in the make-up liquid obtained 
according to equation (4). . _ _ . . . 

For the concentration of nitrate ions that can be reached in the make-up liquid 

5 obtained according to equation (4), and therefore also the hydroxylamine concentration 
that can be reached by reduction of said nitrate ions, depends on the concentration of 
the moderately soluble salt NH|Z in the solution to which nitric acid is added, whereas 
in the make-up liquid obtained according to equation (7) the j concentration of nitrate 
ions that can be reached depends cn the concentration of NH 3 OH . Z (which has a 

10 higher solubility than NH 4 Z) in the solution to which nitric acid is added 

A particular embodiment of the invention is hereinafter described and illustrated 
in the accompanying drawing, which is a schematic representation of apparatus for the 
hydroxylamine synthesis with associated apparatus for the oxime synthesis. 

Referring to the drawing, the apparatus comprises a hydroxylamine synthesis 

15 reactor fA), provided with an agitator (13), a filter (14) or other suitable solid/liquid 
separator, and a distributing device fl5) for distributing the hydrogen to be supplied 
through a conduit (9). The nitrate-containing make-up liquid is supplied through a 
conduit (1), the hydroxylamine-containing solution is continuously discharged through 
a conduit f2), and the waste gases are discharged through a conduit (10). 

no The reactor is filled with a suspension of a catalyst e.g. a palladium catalyst. 

Filter (14) prevents catalyst particles being discharged with the hydroxylamine-con- 
taining liquid. m 

The hydroxylamine-containing solution is fed through conduits (2, 4) to the oximc 
.synthesis zone (B), where the oximc formation takes place in a process in which there 

05 is a counter-current flow of cyclohcxanone supplied through a conduit (11). The oxime 
formed is discharged through a conduit (12) and the solution impoverished or 
exhausted in hvdroxylamine returns to the hydroxylamine synthesis reactor through a 
conduit (5), a crystallization and/or evaporation unit (C), and conduits (7, 1). 

Reaction water and still undissolved cyclohcxanone, and if necessary ammonium 

30 salt continuously formed in a secondary reaction taking place as well as the hydroxyl- 
amine reaction, are removed from apparatus (C) through a conduit (6). Make-up nitric 
acid is supplied through a conduit (8). The supply of make-up nitric acid can also be 
effected by absorption of nitrous vapours in the liquid exhausted in hydroxylamine, 
when nitric acid is formed in situ. 

35 The operation according to the invention is effected by the use of a conduit (3) 

which bleeds off product solution containing hydroxylammonium salt discharged 
through conduit (2) in a proportion so that all free nitric acid present in the liquid 
flowing through conduit (7) is neutralized, according to the reaction represented by the 
partial equation: 

40 HNO a +NH»OH . Z->NH 3 OH . NO a 4-HZ (8) 

where Z stands for the H^.POt or the NH 4 SO.j radical. 

The following Examples and comparative experiment arc provided using the 
apparatus hereinbefore described and illustrated in the accompanying drawing. 

Comparative Experiment 
45 A solution exhausted in hydroxylamine leaving the oxime synthesis zone through 

conduit (5), contained in addition to 2.3% by weight of cyclohexanonc: 

112 moles of H s PO„ 
88 moles of NH 4 H 2 PO„ 
68 moles of NH 4 NO s and 
50 2238 moles of H 2 0. 

After removal of dissolved cyclohexanone, water and some ammonium nitrate in 
(C), and after addition of 88 moles of nitric acid through conduit (8), there resulted 
a make-up liquid for the hydroxylamine synthesis which was free of nitric acid and 
which contained: 

55 200 moles of H r JP0 4 , 

148 moles of NH,NOi and 
2000 moles of H-O. 



The hydroxylamine-containing solution produced from the said liquid at 60"C and 
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^oSnS: 9 Which ™ - be discharged through cond ~ 



44 moles of H ; P0 4 , 
68 moles of NH^OH . II PO 
88 moles of NH<H,PO " 
68 moles of NH.NO, and 
2170 moles of H.O 



cosity T mea^ed^ **P*«u* lever than 15°C and a vis- 

dihyl^en1SSsphar a,ned ' 3% by ™ ,e /kg) of hydroxylan^onium 

A solution exhausted in hydroxy hmin^ leavina rh« , 
conduit (5), contained in add-on M ^bJ^^°SohSS OB ?:" ,,e ^ 



92 moles of H>PO l3 

8 moles of NH.H-PO*. 
36 moles of NH.NO, and 
1238 moles of H O, 



»ng composition: ' P roces s liquid in conduit ,(7j had the follow- 



100 moles of ILPO„ 
80 moles of HNcC 
36 moles of NH 4 NO» and 
1000 moles of H.O. 



P^tatSSfo 51 suppl^uS coldff ^---ining solution 
1-06 leg, the process fluid free of "nitric ^t^Tro^Z^ 

205.3 moles of H 3 PO„ 
71.6 moles of NH :i OH . NO-, 
S2.3 moles of NH.NO, and" 
2232 moles of H-O. 

composiuon: w nirougn conduits (2, 4), had die following 



24 moles of H,P0 4 , 
63 mofcs of NH >OH . H-PO 
R moles of NHJi.PO,/ " 
36 moles of NH,N0 3 and 
1170 moles of H.O. 



The crystallization temperature of this snlminr, „,„ i 
viscosity was 1.6 kg/m.sec measured at 6?C, ana 3 8 *" 15 ° C and its 

The solution contained 24.7% by weight measured at 20°C. 

dihydrogen phosphate. J S 1 (1 - 88 m °les/kg) of hydroxylammonium 

concen?r^onV S 8t. COmparative corresponded to an increase in 



in a 



100 moles of H 3 P0 4 , 
80 moles of HNO^ 
26 moles of NH,N0 3 and 

500 moles of H.O. 
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This solution was mixed with the solution containing ; hydroxylammonium 

acid and having the following composition: 

2053 mules of H;PO„ 
71.6 moles of NH,OII . KO ai 
61.S moles of NH 4 N0, and 
1205 moles of ft-O. 

In a synthesis effected under a hydrogen pressure of 20 atmospheres absolute at 
40 : C : this resulted in a process fluid of the following composition: 

24 moles of H:;PO„ 
68 moles of NH,OH . H,PO,, 
8 moles of NH,H,P0 4 , 
26 moles of NH 4 NO^ and 
670 moles of H s O. 

bein- fed to the oxime synthesis zone through conduit (4). The '^^^^^ 
uSe of this liquid was lower than 15 C, and the viscosity was 3.1 kgm/sec at 60 C 

^ s'S %^^uldToikn^ 33.9% by weight r2.5S moles/kg) of^yckoxyl- 
anunon^^^ phosphate. Compared to the Comparative Espenmenr, rhu 

means an increase in concentration by 158%. 

Example 3 . 
After addition of make-up nlaic acid, the proofs fluid flowing tlirough conduit 
(7) contained: 

125 moles of H*PO„ 
60 moles of HN0 3 > 
75 moles of NHjNO;., 
40 moles of (NH 4 y-S0 4 and 
1500 moles of H.O. 

Tliis solution was again mixed with a hydroxylammoinum .salt solution in a weight 
ratio of 1: 0.62, as a result of which the process fluid in conduit (1) contained: 

203.1 moles of H^PO.,, 

42.5 moles of KH-OH . NO,, 

126.9 moles of NH^NO^, 

65 moles of (NHO^O., and 

2545 moles of H s O. 

From tliis solution 2 hydro?r;urriir^-ronL-ainin£ prccen fluid was prepared ron- 
:iaing of: 

47.1 moles of H 3 PO„ 
110.5 moles of NH 3 OH . H.PO,, 
45.5 moles of NH 4 H 2 P0 4 , 
S9.4 moles of NH 4 NO :i , 
65 moles of (NHO.SO, and 
2715 moles of H^.O. 

This solution had a crvsiallization temperature lower than 15 C Q a viscosity of 3. S 
kg/m.sec. measured at 20~ Q and contained 162% by weight (1.24 moles/kg) of 
hydroxylamnionium dihydrogen phosphate. 

Compared to the Comparative Experiment, rhis corresponded to an increase m 
concentration of 24*;... 

WHAT WE CLAIM IS: — 

1 In a process for the preparation of hydroxyi amnion nun dihydrogen phosphate 
or by liydroxvlammonium ammonium sulphate by the catalytic reduction in a reactor of 
nitrate ions with molecular hvdrogen in which nitric acid is normally present in the 
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passes' AllSuU^ £ pr ° du " ^roxylammonium salt 

oxime is recycled to thl said Sac» andl^l ^ ^ 3 recyde stream free » f 
recycle stream in the form fr? Stric acid therefn ^ T* m - in ^ said 

ammonium salt product stteam i "Ed fro S'^ 3 PJ°P°™»1 of the hydroxyl- 
recycie stream. from the sa,d P rodu « stream into the said 

ore i^ss^jt sSHjS* SsBHa* — 

5. A process according to any of Claims 1 m 4 "u r ? c y cle stream, 
the said reactor is buffered with phosnhoricTcid or JnSS™ * e F eaction medium in 
pH of from 0 to 3 pnospnonc acid or ammonium hydrogen sulphate to a 

1, s^^JZ^^^^^rnoni^ salt as claimed in Claim 

iKrembeforS salt substantially as 



HYDE & HEIDE & O'DONNELL 
47, Victoria Street, 
London SW1H OES. 
Chartered Patent Agents, 
Agents for the Applicants 
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